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and residues of crops and weeds were removed from the soil.
After then 10 kg powered soil was poured in each plastic bucket and kept undisturbed upto sowing of the seeds of spinach. The experiment was laid out followed by completely randomized design (CRD) with four replications.
Test crops and intercultural operations
The experiment was conducted with the seeds of spinach (Spinacia oleraceae) var. Copipalong, produced by Bangladesh Agricultural Development Corporation (BADC). Seeds were sealed in original packet which was procured from Mymensingh town. Before sowing, seeds were soaked in distilled water for 24 hours and then wrapped with a piece of blotting paper for 12
hours. Fertilizers applied in the pots as recommended for high yield goal and medium soil fertility status as described in Fertilizer Recommendation Guide (FRG, 2012) . The recommended doses of nitrogen, phosphorus and potassium were 26, 8 and 8 kg ha -1 , and those were applied from urea, triple superphosphate (TSP) and muriate of potash (MoP) fertilizer, respectively. Intercultural operations viz. weeding, irrigation, disease and pest management were done using traditional methods as and when necessary.
Harvesting and processing of samples
Spinach was harvested on January 03, 2016. The plant samples were tagged and taken to the laboratory where the samples first air dried for 2-3 days followed by oven drying for 72 hours until a constant weight was noticed. After then, dried samples were ground and stored at room temperature for chemical analyses.
Spinach root samples were also collected after harvesting of spinach, and processed on the same way as mentioned above.
Chemical analysis of plant samples
Powdered samples of spinach leaves and roots were used to prepare aqueous extract by wet oxidation method using di-acid mixture as described by Singh et al. (1999) . The concentrations of different heavy metals (Cu, Zn, Pb, Cr, Fe and Mn) in aqueous extracts were measured by atomic absorption spectrophotometer (AAS) (AA-7000, Shimadzu, Japan). Mono element hollow cathode lamp was employed for the determination of each heavy metal of interest. At first the AAS was calibrated followed by the manufacturer's recommendation. Then the aqueous extract was diluted and/or run directly in AAS for the determination of metal in the sample.
Estimation of daily metal intakes (DMI)
To assess the health risk associated with heavy metal contamination in edible parts of spinach, the daily intake of different metal was calculated using the following formula: , fresh weight), BW is the body weight assuming H.M. Zakir et al. /Arch. Agr. Environ. Sci., 3(1): 95-102 (2018) anaemia and blood disorders, stomach irritation, vomiting etc.
can develop due to excessive dietary intake of heavy metals (Ahmed et al., 2012) .
Vegetables are an important part of our daily diet and on an average 130 g vegetables are consumed by an adult per day in Bangladesh (Islam et al., 2005) . Spinach (Spinacia oleracea) is an annual plant and may survive over winter in temperate regions.
It is one among the most popular vegetables in winter in Bangladesh and leaves are the edible part of it. Spinach contains shallow root system and nutrients uptake by it varies with soil and climatic conditions. Transportation and accumulation of heavy metals in plants also depends on types of soil, soil pH, soil organic matter content, presence of other chemical and type of plant species. Two major impacts caused by heavy metal accumulation, one is its entrance into human diet and another is declining crop production due to inhibition of metabolic processes (Singh and Agrawal, 2008) . Heavy metal contamination of the food items is one of the most important assessment parameters of food quality assurance (Wang et al., 2005; Khan et al., 2008) . As a result, international and national regulations on food quality have lowered the maximum permissible levels of toxic metals in food items due to an increased awareness of the risk (Radwan and Salama, 2006) . Considering the fact, the present study was planned to check the uptake patterns of different heavy metals along with major nutrients and to assess heavy metal health risk for human through consumption of spinach grown in both farm and industrial contaminated soils of Bangladesh.
MATERIALS AND METHODS

Experimental site
The pot experiment was carried out at the Net House, Department of Agricultural Chemistry, Faculty of Agriculture, Bangladesh
Agricultural University (BAU), Mymensingh-2202, Bangladesh during the period from October 2015 to November 2016.
Collection of soils for experiment
Farm soil and industrial contaminated soil were used for the pot experiment. Among those, farm soil was collected from the field 
Pot preparation for the experiment
The pots were prepared 15 days prior to sowing of the seeds of spinach. The collected soil was air dried first and then sun dried.
Then both the soils were ground and subsequently sieved by using a 2 mm stainless steel sieve. All kinds of weeds, stubbles 97 70 kg for adult male and 50 kg for adult female in the present study (BBS, 2015) .
Target hazard quotients (THQ)
THQ is calculated by the general formula established by the US EPA as follows:
Where ; W is the average body weight (kg) and T is the average exposure time for noncarcinogens (365 days year -1 × number of exposure years). , respectively) ( Table 1) .
RESULTS AND DISCUSSION
Concentration
Concentration of Zn in both leaves and roots of spinach grown in industrial contaminated soil were found excessively higher than spinach grown in farm soil, which might be due to presence of >5 times of higher amount of available Zn (66.34 μg g ) used in this study (Table 1) . The mean Zn content in spinach leaves was 97.35±10.63 µg g -1 in the sample grown in farm soil while it was 381.11±11.64 µg g -1 for industrial contaminated soil ( Figure 1 ).
On the other hand, the average concentration of Zn in spinach roots was 33.82±5.17 µg g -1 in the sample grown in farm soil and 272.79±22.38 µg g -1 for industrial contaminated soil ( Figure 2 ).
Zn content in spinach leaves and roots grown in both farm and industrial contaminated soils was several times higher as reported by Sanyaolu et al. (2011) . But Pb was found in trace amount in both spinach leaves and roots samples. This might be due to presence of trace amount of available Pb content in both the soils used in the study (Table 1) . Furthermore, it was reported by MacFarlane and Burchett (2002) , that the accumulation of Zn reduced the accumulation of Pb in leaves and vice versa. The uptake pattern of Zn and Pb in Zn/Pb amended soil showed that both Zn and Pb affect the uptake of each other in an antagonistic way (Boedeker et al., 1993) . Iron is a major constituent of the cell redox systems. But after a certain limit Fe is regarded as toxic element for the plants. The safe limit of Fe in plants is 140 μg g -1 (Misra and Mani, 1991) . But all the spinach leaves and roots grown in both farm and industrial contaminated soils crossed that safe limit. Spinach root con- Table 1) .
Concentration of major nutrients in leaves and roots of spinach
Among the essential macro nutrient elements, concentrations of Ca, Mg, P, K and S were measured by this study as dry weight basis. The mean Ca content in spinach leaves was 1.62±0.26% in the samples grown in farm soil while it was 1.23±0.32% for industrial contaminated soil (Figure 3 ). On the other hand, the average concentration of Ca in spinach roots was 1.04±0.32% in the samples grown in farm soil and 0.91±0.09% for industrial contaminated soil (Figure 4 ). It is evident from this study that edible part of spinach is a good source of Ca, although the recommended dietary calcium intakes for healthy men and women ranged between 800 and 1300 mg day -1 (EFSA, 2006). The contents of Ca in plants differ widely depending on the plant species as well as plant parts and the range of Ca contents in plants varied from 0.2-1.0% (Havlin et al., 2010) . The average concentration of Mg in spinach leaves was 0.53±0.10% in the samples grown in farm soil while it was 0.43±0.08% for industrial contaminated soil (Figure 3 ). On the other hand, the mean concentration of Mg in spinach roots was 0.58±0.04% in the . Spinach leaves and roots grown in industrial contaminated soil contained higher amount of K than farm soil. The mean concentration of K in spinach leaves was 1.91±0.05% grown in farm soil, while it was 2.66±0.15% in industrial contaminated soil (Figure 3 ). On the other hand, the average concentration of K in spinach roots was 1.41±0.12% in the samples grown in farm soil and 1.52±0.08%
for industrial contaminated soil (Figure 4 ). Potassium content is higher in shoot than in grain or seed and the typical concentration of K in shoot and seed ranged from 0.4-4.0% (Havlin et al., 2010) , which is at par with this study result. Potassium is an essential nutrient involved in fluid, acid and electrolyte balance and is required for normal cellular function. Dietary deficiency of potassium is very uncommon due to the widespread occurrence of potassium in foods. The available data are insufficient to establish a safe upper intake level for potassium (EFSA, 2006) . Edible part of spinach is a huge source of S and due to this it is known as thiol rich vegetable. The mean S content in spinach leaves was 2.56±0.16% in the samples grown in farm soil while it was almost same 2.57±0.15% for industrial contaminated soil (Figure 3 ). On the other hand, the average concentration of S in spinach roots was 2.27±0.17% in the samples grown in farm soil and 1.94±0.11% for industrial contaminated soil (Figure 4 ). , respectively (Table 1 ). There is a report that characteristically Pb and Zn interact with each other negatively (MacFarlane and Burchett, 2002) . So it can be inferred that both of Pb and Zn antagonistically affected the accumulation rate of each other in both leaf and root of spinach. According to Boedeker et al. (1993) 
Accumulation pattern of major nutrients in leaves and roots of spinach
Spinach leaf accumulate major nutrients in the sequence of S > K > Ca > Mg ≥ P for farm soil, while the order was K > S > Ca > Mg > P for industrial contaminated soil (Figure 3 ). On the other hand, spinach roots uptake major nutrient elements in the sequence of S > K > Ca > Mg ≥ P for industrial contaminated soil and the order for farm soil was S > K > Ca > Mg > P (Figure 4 ). It is evident from the Figures 3 and 4 that both leaf and root of spinach accumulate a significant amount of sulphur. Furthermore, spinach is also categorized as one among the sulphur rich leafy vegetables, which is also reflected by the obtained study results. Except sulphur, the obtained sequence for other macro elements was almost similar as reported by Ghani et al. (2012) of few medicinal plants. But Azarmi et al. (2011) analyzed tomato seedling shoot and root for major elements and the observed order was Ca > Mg > P > K. However, the sequence of Ca, K and S accumulation pattern in spinach was leaf > root. But in case of P the order of accumulation pattern was reverse i.e. root > leaf. On the other hand, Mg accumulation was almost same in both leaf and root of spinach (Figures 3-4) .
Estimation of daily metals intakes (DMI)
To appraise the health risk connected with heavy metal contam-ination of spinach, the daily intake of metals was calculated. The food chain is the most important one among the different possible pathways of exposure of toxic heavy metals to humans.
The daily intake of toxic metals was calculated on the basis of the average vegetable consumption rate for both adults male and female. A survey was conducted in March 2016 by using a prepared questionnaire of 30 family heads at industrial contaminated sites of Habirbari area of Bhaluka Upazila and 50 family heads at Sutiakhali area of Mymensingh Sadar Upazila. Thus a total of 80 families faced the interview and in total 270 persons were effectively interviewed from two study areas (Aysha et al., 2017) . This survey data were used to calculate an average consumption rate of vegetable per person per day. The survey results revealed that 0.010 kg of spinach as typical serving for a day for male and 0.008 kg for female (Aysha et al., 2017) . The daily metals intakes estimate of Fe, Mn, Zn, Cu, Cr and Pb from spinach were calculated by multiplying the daily intake (from survey results) by the metals concentrations determined in this study. The calculated DMI for Zn, Cr and Mn were higher for both male and female due to consumption of spinach grown in industrial contaminated soils, but DMI for Fe was higher due to consumption of spinach grown in farm soils ( Table 2 ). The DMI were compared with the upper tolerable daily intakes for metals. It is also evident from Table 2 that daily metal intakes for Cr and Mn were several times higher than that of oral reference doses, but any heavy metal did not cross the tolerable upper intake level.
Target hazard quotients (THQ)
Target hazard quotients (THQ) are reported as a complex parameter used for the estimation of possible health risks connected with long term exposure to chemical pollutants (Khan et al., 2009; Petroczi and Naughton, 2009; Harmanescu et al., 2011) . The THQ <1 means the exposed population is assumed to be safe, 1 < THQ < 5 means that the exposed population is in a level of concern interval and THQ > 5 means the exposed population is in health risk. THQ is an index without any dimension and generally it values are additive, but not multiplicative. It is worth mentioning that usually THQ is not a measure of risk but it indicates a level of concern. THQ was measured considering DMI of people, average body weight [for male: 70 kg and female: 50 kg as mentioned by Guyton and Hall (2006) ] and average life expectancy of people in Bangladesh [for male: 70.6 and female: 73.1 as found in BBS (2015)]. THQ values for investigated heavy metals due to dietary intake of spinach are presented in Table 3 . It is apparent from Table 3 that there was only one individual THQ value that surpassed 1, and the metal was Cr. The values for male were 2.852 and 6.856 and for female were 4.473 and 10.750 for farm and industrial contaminated soils, respectively. So it can be inferred that the exposed populations of the industrial contaminated sites are in health risk through the food chain via consumption of spinach and peoples of the farm sites are in a level of concern interval; and in both places female is more vulnerable than male. The computed combined target hazard quotients (CTHQ) values for industrial contaminated soils were also exceeded the safe limit (THQ > 5) for both male and female (7.106 and 11.142, respectively) ( Table 3 ).
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Conclusion
Accumulation of heavy metals and major nutrients in leaves of spinach was in the sequence of Fe > Zn > Cr > Mn > Cu > Pb and K > S > Ca > Mg > P, respectively for industrial contaminated soil, while the order was Fe > Mn > Cr > Zn > Cu > Pb and S > K > Ca > Mg ≥ P, respectively for farm soil. The sequence of Zn, Mn, Ca, K and S accumulation in spinach was leaf > root. But in case of Fe, Cr and P the order of accumulation pattern was reverse i.e. root > leaf. On the other hand, Cu and Mg accumulation was almost same in both leaf and root of spinach. The present study revealed that spinach grown in both soils accumulated higher amount of Cr, which could pose a potential health concern to the local residents. On the contrary, spinach grown in both soils could be a good source of S, Ca and Mg for adult male and female human. Among the heavy metals studied, only the concentration of Cr in edible part of spinach had individual THQ value that surpassed 1 (2.852 and 6.856 for male, and 4.473 and 10.750 for female in farm and industrial contaminated soils, respectively). Thus the study results inferred that the exposed populations of the industrial contaminated sites are in health risk through the food chain via consumption of spinach and peoples of the farm sites are in a level of concern interval; and in both places female is more vulnerable than male. In conclusion, further investigation is recommended by incorporating the contribution of other vegetables, cereals, processed food items and water that may represent further contamination sources to the population subjected.
